Introduction: Tetraspanins represent a family of integral membrane proteins involved in cell-cell interaction, including adhesion, fusion, differentiation and proliferation. These basic functions are essential for embryonic development, yet there is little research on the role of tetraspanins in this process. The aim of my project is to pilot zebrafish as a new and sensitive model for assessing tetraspanin function in vertebrate development.
Background: There are approximately 50 tetraspanin genes in zebrafish, representing orthologues of most of the 33 mammalian genes. mRNA expression analysis has shown that at least 22 of these are expressed in zebrafish embryos and thus may regulate developmental processes. CD9 is a well-characterized tetraspanin and we have shown that zebrafish CD9 orthologues are present in the posterior lateral line (pLL), a sensory system comprised of hair-cell containing neuromasts. The development of the pLL coordinates proliferation, deposition and migration simultaneously and thus requires highly regulated cell interactions.
Major findings: We generated CRISPR double knockouts (dKOs) of both zebrafish CD9 paralogues. The dKOs are adult viable and fertile, in contrast to mouse CD9 KO females which are sterile. Inspection of the pLL in the CD9 KOs revealed that there is measurably slower migration of the primordium and fewer hair cells in the posterior neuromasts at 10 dpf. Furthermore we observed a reduced regenerative capacity of the dKO neuromasts, and also upregulation of CD9 paralogues during bone repair.
Conclusions: Our results suggest a role for CD9 in collective cell migration and hair cell development. We will analyse the organisation and migration of the primordium in more detail as well as the development and regeneration of the neuromasts and bone. This will be aided by generating fluorescent transgenic zebrafish to visualise dynamic processes involved. This offers a unique insight into the in vivo function of tetraspanins. After epithelial-mesenchymal transition, acquisition of trunk neural crest cell (NCC) polarity is prerequisite for directional delamination and migration, which is essential for peripheral nervous system development. It has been unclear how this polarization is established and regulated. Using fluorescence biosensor in emigrating NCCs, we show that the breaking of cell symmetry is accompanied with distribution of highly active RhoA small GTPase to the cell rear and fluctuating RhoA activity at the protrusive front. This differential localization and level of RhoA activity predicts the future back-front polarity axis and the direction of movement. Strikingly, the RhoGAP, Deleted in liver cancer 1 (Dlc1), is asymmetrically localized to the cell front and its level of activity determines polarized NC morphology and motility by restricting spatial RhoA activation to the cell rear. We also found that the association of Dlc1 with Nedd9 is crucial for its asymmetric localization and polarized RhoA activity. Moreover, Nedd9 and Dlc1 are subject to the transcriptional regulation of NC specifiers, Sox9 and Sox10, respectively. Thus, we reveal a novel SoxE-Dlc1/Nedd9-RhoA regulatory axis to govern NC migratory polarization. Gastrulation is a complex process that requires, in addition to the specification and differentiation of embryonic tissues, choreographed cell movement and tissue rearrangement. We use the mouse embryo gastrulation as a model to study the mechanisms of epithelialmesenchymal transition (EMT) followed by cell migration, focusing specifically on primitive streak (PS, the site of gastrulation) formation and mesodermal cell ingression.
Using genetics (gene invalidation and transgenic expression of fluorescent markers), whole embryo ex vivo culture, and confocal and LightSheet live imaging prior and during gastrulation, we define cellular reorganization within the epiblast layer that allow PS initiation.
To better define the molecular players involved in PS formation, we investigated the role of Rho GTPases, master regulators of the cytoskeleton. Epiblast-specific conditional mutants of RhoA shows accumulation of cells with disruption of polarity in the amniotic cavity (resembling the Rac1 epiblast-mutant), while Ect2, a Guanine Exchange Factor (GEF) that activates both Rac and Rho and has a crucial role in cytokinesis, shows a severely disorganized epiblast.
Our live imaging experiments reveal that prior to ingression from the streak, rosettes (a structure formed by at least five cells) form with higher frequency in the posterior epiblast than the anterior or lateral sides. An additional cell appears at the center of these rosettes during mesoderm cell ingression. Staining for mitotic nuclei showed that in the posterior epiblast, during PS formation, mitosis is not restricted to the apical side of the pseudostratified epithelium, but can occur all along cell apical-basal length. Such observations raised the hypothesis that rosette formation and mitotic rounding could be driving forces facilitating cell ingression through the PS.
Ongoing work to block cytokinesis and mitotic rounding in a mosaic fashion in the epiblast, through an inducible epiblast-specific mutant of Ect2, will allow testing the implication of mitotic rounding in gastrulation. Sensory cilia exhibit remarkably diverse morphologies that underlie the specialized functions of individual cell types. How these distinct ciliary morphologies are generated remains mostly unexplored. C. elegans displays distinct cilia at the dendritic tips of a subset of sensory Abstracts S65
